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NATIONAL ADTCSOKY COMMITTEE FOE AEBONATO?Jlto 

RESEARCH MEMORANDUM 

THEORETICAL CHARACTERISTICS OF TWO -DIMENSIONAL 
SUPERSONIC CONTROL SURFACES 
By Robert R. Mbrrissette and. Lester F. Otomy 



SURMARI 


Ttie 'iBusemann second -order-approximation theory " for the pressure 
distribution over a two-dimensional airfoil in supersonic flov was used 
to determine some of the aerodynamic characteristics of unoambered 
symmetrical parabolic and double -wedge airfoils with leading -edge and 
trailing -edge flaps. The investigation was origi n ally intended for 
application to aileron studies but, since the analysis is based on two- 
dimensional flow, the results are applicable to all types of control 
surfaces. The use of the term "aileron” may consequently be replaced in 
the present paper by the term, "control surface. " The characteristics 
■ presented and discussed are: aileron effectiveness factor, rate of 

change of hinge-moment coefficient with aileron deflection, rate of 
change of the pitching -moment coefficient about the midchord with aileron 
deflection, and the location of the center of pressure of the airfoil- 
aileron combination. In supersonic flow leading -edge ailerons were found 
to be much more effective than trailing -edge ailerons. Neither aileron, 
however. Is as effective in supersonic flow as the trailing -edge aileron 
in subsonic flow. The calculations show that, for a given thickness 
ratio, trailing -edge ailerons are more effective on wedge airfoils than 
on parabolic airfoils j whereas leading -edge ailerons are more effective 
on parabolic airfoils than an wedge airfoils. The magnitude of the 
values of the rate of change of the hinge -moment coefficient with aileron 
deflection and the rate of change of pitching -moment coefficient about 
the midchord with aileron deflection Is greater for leading-edge ailerons 
than for trailing -edge ailerons. 


INTRODUCTION 


In investigations of the aerodynamic characteristics of ailerons, 
the Influence of certain factors is not found in the predictions based 
on a linearized solution. Higher-order solutions are therefore neces- 
sary and consequently the analysis must be made for a two-dimensional 
wing. The results are applicable not only to ailerons but to all types 
of control surfaces. 

Several methods are in use at this time for calculating the pressure 
distribution oyer thin airfoils in a supersonic air stream.. The 
prevailing methods are: the graphical method of references 1 and 2, the 
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Ackeret thin -airfoil theory, the Busemann. second -order approximation 
used in reference 3, and. the power series of references 2 and 4. None 
of these methods are exact as they do not consider the effect of the 
"boundary layer on the airfoil. 

In this paper the Busemann second -order approximation is used as 
the "best compromise because this approximation gives expressions which 
are simple enough to "be used in design, work and which are probably as 
accurate as could be expected of any method that neglects the boundary - 
layer thickness. The Busemann approximation uses only the first two 
terms of the power series found in references 2 and 4. Figures 2, 12, 
and 13 of reference 2 show that the first two terms of the power series 
give results that are close approximations to the results obtained by 
vise of the oblique -shock equations and the isentropic -expansion and com- 
pression equations. The method used herein is a closer approximation 
than the Ackeret theory as the Busemann approximation takes into account 
the effects of Mach number, airfoil thickness, and airfoil shape. - 

The second -order approximation is limited to small angles and thin 
airfoils. Eeference 2 states that the theory used is not considered 
accurate for Mach numbers less than approximately 1> 3 • This lower limit 
has been used arbitrarily in this analysis. Also, the theory is not 
good for Mach numbers below that at which the shock wave detaches- 
Eeference 2 gives values for the minimum Mach number for the existence of 
an attached shock as a function of the flow -deflection angle- 

The factors varied in this analysis are airfoil thickness ratio, 

Mach number, airfoil shape, ratio of aileron chord to wing chord, and 
location of aileron- The characteristics investigated included aileron' 
effectiveness factor, rate of change of hinge -moment coefficient with 
aileron deflection, rate of change of pitching -moment coefficient with 
aileron deflection, and location of center of pressure of^the airfoil- 
aileron combination. The equations used herein and a sample derivation 
are found in the section entitled "ANALYSIS. " 


SYMBOLS 


c a 

and Cg 

c h 

u a 


chord of airfoil (taken as = 1.0 herein) 
chord of aileron, fraction of-airfcril chord 

Constants used in first and second terms of Buse m a n n 
approximation for pressure coefficient in supersonic 
flow 

aileron section hinge -moment coefficient ( h a j 3 . 0 c a 2 
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c l 

° ia 0.5 

°P 

*a 

“0-5 

«o 

So 

t 


x 

y 

^5>/q. 

dc ^a/ d6a 

dcj/da 

a 


6 a /a 


0 


Po 

r 


airfoil section lift coefficient 

airfoil section pitching -moment coefficient about 
midchord ( “0. 5/ < 2o° 2 ) 

center of pressure measured from leading edge, fraction 
of chord 

aileron section hinge moment 

airfoil section pitching moment about midchord 

free -stream Mach number 

free -stream dynamic pressure ( |poV 0 2 ) 

maximum thickness of airfoil section 

free -stream velocity . 

distance behind leading edge, fraction of chord 

ordinate from chord line to any point on surface of 
airfoil, fraction of chord 

pressure coefficient 
aileron effectiveness factor 
airfoil angle of attack 

deflection of aileron relative to chord line (considered 
positive vhen it gives aileron a positive angle 
of attack) 

geometric parameter used in determining center -of -pressure 
location 

local angle between any point on surface of airfoil and 
free -stream direction 

free -stream density 

ratio of specific heats (1.4) 
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Subscripts : 

a 

h 

L 

U 


aileron 

aileron hinge -line position ("except when used in c 




5 *a 


lower surface of airfoil 
upper surface of airfoil 


ANALYSIS 


The analysis used in this paper is based on the Busemann second- 
order approximation for the pares sure coefficient in supersonic 

flow- This coefficient is expressed in reference 3 iu the following 
form. - 


^£- = 0x0 + C2© 2 


where 



The procedure used in deriving the equations for the parameters 
considered Is Illustrated by the following derivation of the aileron 
effectiveness factor of a parabolic airfoil with a trailing -edge aileron. 
The other parameters are obtained by a similar analysis. 
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Aileron Effectiveness Factor 

Parabolic airfoil with trailing -edge aileron . - Hie equation for the 
upper surface of a parabolic airfoil frith the leading edge at the origin 
and the trailing edge at x = 1*0 is 

y u ■ 2 = 


The slope at any point on the upper surface of the airfoil is 



2x) 


The local angle 9 between any point on the surface of the airfoil 
and the free -stream direction, therefore, is 



■ -a + 2— (1 - 2x) 
c 

and 



= a + 2^(1 - 2x) 
c 


It follows then that 



C l% + c 2 e XJ 2 


= C x -a + 2^(1 - 2x)J + Cg^-a + 2^(1 - 2xjJ‘ 
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and 

* 

- c l[f + - 2* )] + Cg^t + 2^(1 - 2x)J 2 

Xj 


The pressure coeff iclent for the airfoil then is 



or 


AP 

QL 


C L (2a) 




The lift coefficient— of the airfoil is 



= 2 aC ± 


The rate of change of . lift coefficient with angle of- attack therefore is 



1 
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The lift coefficient of the aileron c^ due to some aileron 

£L 

deflection S a can be found in a similar manner. 


Because of the linear nature of the equations for pressure coef- 
ficient, the pressure coefficient at a point on the airfoil can "be found 
by adding the pressure coefficient for the -wing at angle of attach a 
with undeflected ailerons to the pressure coefficient for the wing at 
zero angle of attach with the aileron at angle of attach 5 a » The 

contribution of the aileron defines the control force on the wing and for 
that reason may he treated as a separate aileron pressure coefficient. 


The pressure coefficient for the aileron 


(ft 


therefore, is the 
5 C 


same as that found for the airfoil except that the aileron deflection 
is used in place of the angle of attach a.. Thus, 



Then, the lift coefficient for the aileron due to some deflection is 




8 


NACA KM No. L8G12 


and, therefore, the rate of change of lift coefficient of aileron with 
aileron deflection is 


do. 


dS, 


a 


- 2 ( 1 - *h)(°l - “aH) 


The aileron effectiveness factor for a parabolic airfoil with trailing - 
edge aileron thus is 


^Z a /^ 6 a K 1 ' X 0( C 1 - ^2§*h) 


dcj^da 


2C-i 


" ( 1 Xh )\ ~ c^y 


Parabolic airfoil with leading -edge aileron « - The aileron effective ■ 
ness factor for a parabolic airfoil with a leading -edge aileron is 


dcj/da 


= x v 


1 + ^ K 1 - x 0 


Wedge airfoil with trailing -edge aileron .- The aileron effective 
ness factor for a wedge airfoil with a trailing -edge aileron when 

1 ^ ^ O.50 is 


dc ta/^ 

dcj/dot, 





and when x^ ^ 0 . 50 , 


dc, /dS. 


dc^/doT 


1 


x h 


4- 
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Wedge airfoil with leading -edge aileron . - The aileron effectiveness 

factor for a wedge airfoil with a leading -edge aileron when x^ ^0-50 
Is 


dejJdS, 


dc^/da, 


= Xv 




and when x-^ ^ 0 . 50, 


dc. 




dS, 


dc^^da. 


1+2 


,22 t) 

C ± o) 


Bate of Change of Aileron Hinge -Moment Coeffiplent with Aileron 

Deflection 


Parabolic airfoil with trai 11 ng -edge aileron . - The equation for the 
rate of change of aileron hinge -moment coefficient with aileron deflec- 
tion of a parabolic airfoil haying a t railing-edge aileron is given as 



-°X + jOsK 1 + 2* h ) 


Parabolic airfoil with leading-edge aileron . - The orate of change of 
aileron hinge -moment coefficient with aileron deflection of a parabolic 
airfoil with a leading -edge aileron is 



SS a 


c i * 5^4(3 - &*) 


Wedge airfoil with trailing -edge aileron . - The rate of change of 
aileron hinge -moment coefficient with aileron deflection of a wedge air- 
foil with a trailing -edge aileron when = 0 .50 is 


S6 a 


-C-, + 2 Co— 

C 
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and when 


*h 


^0.50, 


8 B a 



( 1 - 2 x i, 2 ) 

C 1 - =■*> f 


Wedge airfoil with leading -edge aileron . - The rate of change of- - 
aileron hinge -moment coefficient: with aileron deflection of a wedge air- 
foil having a leading -edge aileron when >0.50 is 


be 


&a 


SBc 


" °1 * ° 2 ^ 




4x h + 2x h ‘ 


0 


and when = 0-50, 



4- 2C 


t 

2 c 


Bate of Change of Pitching -Moment Coefficient about Midchord with 

Aileron Deflection 

Parabolic airfoil with trailing -edge aileron . - The rate of change 
of pitching -moment coefficient about midchord with aileron deflection 
of a parabolic airfoil having a trailing -edge aileron is given as 


d 5 a 



x h) + ^2~(^ kx h + 6x h 2 



Parabolic airfoil with leading -edge aileron . - The rate of change 
of pitching -moment coefficient about midchord with aileron deflection 
of a parabolic airfoil with a leading-edge.. aileron is 


5 cm o .5 

S 5 a 


*h Ci(l - X h ) 4- ^(3 


6 x h 4- 


4 x v 



JTACA BM No . L8G1£ 


11 


Wedge airfoil with trailing -edge aileron . - The rate of change of 
pitching -moment coefficient about midchord with aileron deflection for 
a trailing -edge aileron when x-^ -5* 0 *50 is 

-Sr “ ' Ih )( Ci ' 20 ^) 

and when x^ ^ 0 - 50 , 

= C ± (x h ? - **) + C 2 |(2x h 2 - 2% + l) 

° 5 a X 


Wedge airfoil with leading-edge aileron - - The rate of change of 
pitching -moment coefficient about midchord with aileron deflection for 

a leading -edge aileron when x^ 0-50 is 

~ — = Cl(^h - z h 2 ) + + ^h 2 ) 

and when x^ 0 - 50 , 

" (S ‘ + £C ^) 

Bate of Change of Pitching -Moment Coefficient about Midchord 

with Angle of Attach 

Parabolic airfoil -- The rate of change of pitching -moment coeffi- 
cient about midchord with angle of attach for a parabolic airfoil is 


^2 

3 


3a 
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Wedge airfoil . - The equation for the rate of change of pitching - 
moment coefficient about midchord with angle of attack for a wedge air- 
foil is given as 


d°"0.5 

da. 



These equations were obtained from equations found in reference 3 and 
are given here for the sake of completeness. 


Center of Pressure 

Parabolic airfoil with train ng -edge aileron. - The center -of - 
pressure equation for a parabolic airfoil having a trailing -edge aileron 
is as follows: 


C 


P 


4 °2 t 
3 Cq C 


4 * 




4 tY 
3 0 q C \ 


1 + 3x h 2 



c h 


) 



Parabolic airfoil with leading -edge aileron . - The following c enter - 
of -pressure equation for a parabolic airfoil with a leading-edge aileron 
is expressed as: 


1-5- 


4 C 2 t + 


5 


3 C -1 c 


a 

a 


1 + 




= 


2 + 


2x h - 


a 

a 


1 + 4 


of H 1 - O 


Wedge airfoil with trailing -edge aileron - - The center of pressure 
for a wedge airfoil with a trailing -edge aileron when x^ = 0-50 is 
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C 


P 


1 - ^2 t 

C 1 o a 




2 + 





and when x^ < 0 * 50 , 



Wedge airfoil with leading -edge aileron . - The center of pressure for 
a wedge airfoil with a leading -edge aileron when > 0-50 is 



and when Xj_ < 0 * 50 , 
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RESULTS 


Drawings of the parabolic and vedge airfoil sections vised in the 
calculations may be seen in figure 1. These two shapes ware chosen 
because they are frequently considered for use in the wings of super- 
sonic aircraft . . 

In figures 2 to to is shown the variation of the aerodynamic char- 
acteristics of ailerons with airfoil shape, location of aileron, airfoil 
thickness ratio, free -stream Mach number, ratio of aileron chord to wing 
chord, and the ratio of-aileron deflection to the angle of attack- 
Table X Is an index of the figures . ' 

In figure 2 (fig- 9 , reference 5 except Busemann curve) a compari- 
son Is shown of the results obtained by the method of calculation used 
herein and the results obtained by both the Ackeret theory and the 
method of reference 1. The method presented in this paper gives results 
that approach those of the method of reference 1 much closer than the 
Ackeret theory. This closer result Is due to. the fact that thickness 
ratio, Mach number, and airfoil shape are taken into consideration in 
the second -order approximation, whereas these factors are neglected in 
the Ackeret- theory - 

Figure 2 also shows that the aileron effectiveness for trailing - 
edge ailerons in subsonic flow is much higher than the aileron effec- 
tiveness of trailing -edge ailerons in supersonic flow- The reason for 
this result Is that the flow ahead of -the aileron is affected by the 
aileron in subsonic flow, whereas the flow in this region is not 
affected by the aileron in supersonic flow- 

Unlike the Ackeret theory, the analysis used herein gives the 
following results for an airfoil-aileron combination in supersonic 
flow: 


(1) Leading -edge ailerons are more effective than trailing -edge 
ailerons. (See figs- 3 to 7 .) 


(2) The magnitude of the values of Scv, /3 5 and 


“a/ 






greater for leading -edge ailerons than for trailing -edge ailerons. 
(See figs - 13 to- 17 and 22 to- 2 6 - ) 


is 


(3) The center of pressure of an airfoil -aileron combination 
having maximum thickness at the midchord and zero aileron deflection 
is ahead of the midchord (figs- 31 to - 3 * 0 * 


Mach number. - An increase in the free -stream Mach mnb.be r gives the 
following results: 

(1) Above a Mach number ‘of approximately l-7‘5 (depending on thick- 
ness ratio), the aileron effectiveness for leading -edge ailerons is 
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increased and the aileron effectiveness for trailing -edge ailerons is 
decreased. (See figs. 8 to 11.) 


(2) Tlie magnitude of the values of Sc^ jb& a and 

decreased for "both leading -edge and trailing -edge ailerons (figs 
to 21 and 2J to 30 ) . 


^Va/ 




Is 


l8 


(3) In general, above a Mach number of approximately l.J the 
center of pressure of an airfoil -aileron combination moves forward as 
shown In figures 31 to 34. 


Thickness ratio . - The main difference between the first-order and 
second -order approximations Is the thickness -ratio effect. The second- 
order approximation shows that an increase in airfoil thickness ratio: 


(l) Increases the effectiveness of leading-edge ailerons and 
decreases the effectiveness of trailing-edge ailerons. When the thick- 
ness ratio Is zero, the effectiveness Is the same for both leading -edge 
and trailing-edge ailerons- (See fig- 12.) 


(2). Increases the magnitude of the values of Sc^ and 

8 c_ lb 6 = for leading-edge ailerons and decreases the magnitude for 

“o-5 / a _ 

trailing-edge ailerons as shown in figures l8 to 21 and 27 to 30 - 


( 3 ) Moves the center of pressure of the airfoil-aileron combina- 
tion forward (fig- ko ) . 


Airfoil share . - For a given thickness ratio of the. airfoils con- 
sidered herein, the surface slope near both the leading and trailing 
edges of the parabolic airfoil is greater than the slope at corresponding 
positions on the wedge airfoil- In these regions, therefore, the para- 
bolic airfoil acts like an airfoil with a larger thickness ratio- It 
then follows that: 


(1) For a given value of t/c, trailing-edge ailerons are more 
effective on wedge airfoils than on parabolic airfoils; whereas leading- 
edge ailerons are more effective on parabolic airfoils than on wedge 
airfoils . (See figs . 3 to 7 .) 

(2) The center of pressure Is farther forward for the parabolic 
airfoil than for the wedge airfoil (figs- 31 to 39 ) • 

Eatlo of aileron chord to wing chord . - An increase in the chord of 
the aileron Increases the surface area of the aileron. As a result of 
this Increase in aileron surface : ■, 

(1) The aileron effectiveness is increased (figs- 2 to 7 )- 
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(2) The magnitude of-the -value of 60 ^ jbb a increases until the 

aileron chord reaches a value of half the wing chord) then it decreases 
as the aileron chord is increased further. (See figs- 22 to 26.) 


Since the pressure distribution over the wedge airfoil is inde- 
pendent of the chordwise location as long as the surface slope is a 
constant, the value of Scj^ S5 a is independent of the ratio of the 

aileron chord to the wing chord. After the value of c a /c exceeds 0 • 5, 

however, the surface slope changes and the pressure coefficient is no 
longer independent - of the chordwise location* Thus, for further increases 
in c a fc beyond this value, the value of Sc^^65 a then decreases for 

leading -edge ailerons and increases negatively for trailing -edge ailerons 
(figs- 14— 16 , and 17 ). 


The theory shows the pressure distribution over a parabolic airfoil 
to be a function of the chordwise location. As a result, when the 


ratio 


c a/ c 


is increased, the value of decreases for leading - 


edge ailerons and increases negatively for trailing -edge ailerons. (See 
figs. 13 , 15 , and 17 .) 


Ratio of aileron deflection to angle of attack . - Increasing the 
ratio of the aileron deflection to the angle of attack results in a 
relatively higher pressure on the aileron surfaces than on the rest of 
the airfoil. The center of pressure is thus shifted forward when 
leading -edge ailerons are used and backward when trailing -edge ailerons 
are used. -(See figSr 3d to 34.) 


CONCLUSIONS 


The "Busemann second -order^-approximation theory" for the pressure 
distribution over a two-dimens.lonal airfoil in supersonic flow was used 
to determine some of the aerodynamic characteristics of uncambered 
symmetrical parabolic and double -wedge airfoils with leading -edge and 
trailing -edge ailerons. Within the limitations of the theory used, the 
following conclusions may be drawn about the effectiveness of ailerons 
in the Mach number range (1*3 to 4.0) investigated: 

1. Neither leading-edge nor trailing -edge ailerons are as effective 
in supersonic flow as the trailing -edge aileron in subsonic flow. 

2. ITor a given airfoil shape at high Mach numbers, leading-edge 
ailerons are much more effective than trailing -edge ailerons. However, 
the relative effectiveness of leading-edge and trailing -edge ailerons Is 
a function of thickness ratio and the difference between the two becomes 
smaller with smaller thickness ratios- 
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3 . For a given thickness ratio the aileron effectiveness is greater 
for leading -edge ailerons on parabolic airfoils than for leading -edge 
ailerons on symmetrical wedge -shape airfoils} however, trailing -edge 
ailerons are more effective on symmetrical wedge -shape airfoils than on 
parabolic airfoils. 

4. An increase in airfoil thickness tends to decrease the aileron 
effectiveness when trailing -edge ailerons are used, whereas it increases 
the aileron effectiveness when leading -edge ailerons are used. 

5 . The magnitude of the values of the rate of change of the hinge - 
moment coefficient with aileron deflection and the rate of change of 
pitching-moment coefficient about the midchord with aileron deflection 
is greater for leading -edge ailerons than for trailing -edge ailerons* 


Langley Memorial Aeronautical Laboratory 

National Advisory Committee for Aeronautics 
Langley Field, Ya. 
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TABLE I - 


Figure [ 


Plot 


Type of 
airfoil 


Drawings of airfoil 
sections used. 


do. 


,r. 


Ao^jda 

io^jia 

do^^d a 
do z /da 
Ao^Jda, 


Aa^jda. 

a 

dLo^/da 


dc^da 


dc 


1 a/” a 


do^da. 


dc n 


do^do. 


dc, /lx 


against c a /o 
against c a yc 
against — c a yfo 
against — c a /c 
against o a ^c 
against c a /c 
against Kq 
against- Mg 
against Mq 
against Mq 
against t/c 


5c, 


a&„ 


against c a ^c 


Wedge 


Parabolic 


Wedge 


Parabolic 


Wedge 


Parabolic 
and wedge 


Parabollo 


Wedge 


Parabolic 


Wedge 


Parabolic 


Parabolic 
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TABEE I - INDEX OF FIGURES — Continued 


Figure 

Plot 

Typo of 
airfoil 

Location of 
aileron 


t/o 

. 

°a/ c 

S a / a 

It 

against c a /c 

38 a 

Wedge 

Trailing 

edge 

1 . 5 , 2 * 0 , 
4.0 

0 . 05 , 

.10 

— 

0 to 
1.0 

— 

15 



Leading 

i. 5 , 2 .o. 

*P5, 

0 to 




edge 

4.0 

.10 

1-0 


16 



Tending 

i. 5 ,e.o. 

* 05 , 

0 to 




edge 

4.0 

.10 

1.0 


17 

■ ■ against o tt /o 

Parabolic 
and, vodgo 

Trailing and 
leading edges 

4.0 

.10 

0 to 
1.0 

— 

16 

— — against 

Parabolic 

Trailing 

edge 

1-3 to 
4-0 * 

•05, 

.10 

-2 

— 

19 

against M_ 

Wedge 

Trailing 

edge 

1-3 to 
4-0 

-05, 

.10 

.2 

— 

20 

— against M_ 

^a 

Parabolic 

Leading 

edge 

1.3 to 
4.0 

•05, 

.10 

-2 

— 

21 



Leading 

1-3 to 

• 05 , 



d6 a 


edge 

4-0 

.10 



22 

**“ 0.5 

against c & / 0 

Ss a 

Parabolic 

Trolling 

edge 

X-5,2-0, 

4.0 

-05, 

-10 

0 to 
1-0 

— 

23 

against c a /c 

d© a 

Wedge 

Trailing 

edge 

1. 5 ,2.0, 

4.0 

. 05 , 

.10 

0 to 

1.0 

— 

21 

^■s 

.. against 0^/0 

35 e 

Parabolic 

Leading 

edge 

1. 5,2-0, 
4-0 

* 05 , 

.10 

0 to 
1-0 

— 

25 

against c„ /c 

36 a a/ 

Wedge 

Tending 

edge 

1*5, 2-0, 
4.0 

. 0 ;, 

.10 

0 to 
1.0 

... 

2 6 

against c a /o 

35 a 

, Parabolic 
and vedge 

Trailing and 
leading edges 

2.0 

.10 

0 to 
1.0 

— 



Plot 


Type of 
airfoil 


Looation of 
aileron 

«o 

t/o 

Trailing 

edge 

1.3 to 
4.0 

0.05, 

.10 

Trailing 

edge 

1-3 to 
4.0 

• 05 , 

.10 

leading 

edge 
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4.0 

. 05 , 

.10 

Leading 

edge 
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. 05 , 

.10 
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edge 

1-3 to 
4.0 

.ID 

Trailing 

edge 

1.3 to 
4.0 

.10 

Leading 

edge 

1-3 to 

4.0 

.10 

Leading 

edge 

1.3 to 
4.0 

.10 

Trailing 

edge 

4.0 

. 05 , 

.10 

Trailing 

edge 

4.0 

. 05 , 

.10 

Leading 

edge 

4.0 

•05, 

-ID 

Leading 

edge 

4.0 

•05, 

.10 

Trailing and 
leading edges 

4.0 

.10 


9c, 
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S8. 


as. 
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flffllOBt"' Mq 


against 1^ 


against Mq 
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C p against o & /a 
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Cp against c a ^o 
Cp against c a ^c 
Cp against o^jo 


Parabolic 


Wedge 


Parabolic 


Wedge 


Parabolic 


Wedge 


Parabolio 


Wedge 


Parabolic 


Wedge 


Parabolic 


Wedge 


Parabolio 
and wedge 


0.2 


.2 


.2 


.S 

0 to 


Cp against t/c 


Parabolio 


Trailing and 
leading edges 


1-5,3-Q. 

4.0 


0 to 
.10 
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o .2 .b .6 . 6 i.o 


Aileron ohord/vlng chord, Og/o 

Figure 2 .- Aileron effectiveness as a function of the 
ratio of aileron ohord to wing chord for an un- 
oambered wedge airfoil haying maximum thickness 
■ at mldohord and tralllng-edge aileron, £ ■ 0.05. 

(Curves with exception of Busemann "ourve are from 
figure 9, reference 5.) 
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o *2 .4* .6 .& 1.0 


Aileron ohord/wlng chord, Cg/o 
(a) i - 0.05. 

C ' 

Figure" 3.- Aileron ef f ectlveneee as a function of the 
ratio" of aileron chord to vlng chord for an un- 
cambered parabolic airfoil haring maximum thlchnees 
at mldohord and" tral ling-edge aileron. 
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o 

© 

Vi 


m 

© 
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c 

s 



Aileron chord/wing chord , Og/c 

(a) | = 0.05. 

Figure 4 .- Aileron effectiveness as a function of 
the ratio of aileron chord to wing chord for an 
uncambered wedge airfoil having naxlmun thickness 
at mldohord ana t re 111 ng- edge aileron. 
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(b) | = o.io. 

Figure 4.- Concluded. 

i '• 4.-.* 1 

i.. . i ; I aC-c a r i ^n.t rvr. 

. ! i ik- • i-* -i ^ -> ? * • ii: ■ 
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Aileron ohord/wlng chord, Og/a 

(b) | s 0.10. 

Q 

Figure 5.- Concluded. 
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* 



(a) | = 0.05. 


Figure 6.- Aileron effectiveness as a function of 
the ratio of aileron chord to wing chord for an 
uncambered wedge airfoil having maximum thickness at 
midchord and leading-edge aileron. 
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Figure 7.- Aileron effectiveness as a funotlon of 
the ratio of aileron chord to wing chord for uit- 
cambered alrfolle haring maximum thickness at 

mldohord." — 4.0; ^ = 0.10. 
o o 



Aileron effectiveness factor, 
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Figure 3.— Aileron effectiveness as a function of the free- 
streaa Kaoh number for an unaambered parabolic airfoil 
'having maximum thickness at mldohord and tralllng-edge 

aileron. = 0,2. 
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.figure 9«- Aileron erfeotlreneee aa a function of the free-Btream 
Kach number for an uncambered vedge airfoil baring maximum 

°a 

thlckneec at midchord and tralllng-edge aileron. — = 0.2. 


Free- stream Ha eh. number, M 0 

Figure Aileron e^ectivene 8 e as a funotion'of the free-stream 

Mach number for’ 'ah 'uncambered parabolic airfoil having maximum 

1 • l «-;i ■ **-'*: « - •* ' ■ / ■ -> »* *- r It j tt- '■ Oa O 

thickness at mldohord and leading-edge aileron. —• n 






Allersn effectiveness factor 
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Figure 11.- Aileron effectiveness as a function of the free-stream 
Mach ijui»be^ for an un cambered Q y^dge, .airfoil having maximum 

thickness at mldohord and leading— edge aileron, -y s 0.2. 

r =; 1 ■; ! Hi >*«.■- s‘ • ' -c • ' -in:- e- . »■ 


Aileron effectiveness factor, 
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Figure 12.- Aileron effectiveness as a funotlon of 
thickness ratio for an uncambered, parabolic air- 
foil having maximum thloknese at mldohord. -y = 0.2. 





Bate of change of aileron hinge-moment coefficient Kith aileron deflection. 
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Aileron ohord/wing chord, o^/o 
(a) | = O.05. 

Figure lj.- Bate of change' of^ aileron hinge-moment 
ooeffioient with aileron deflection as a 
function of the ratio of aileron chord to wing 
chord for an tin cambered parabolic airfoil haring 
maximum thickness at midohord and trailing-edge aileron. 





Rato of change of aileron hinge-moment coefficient with aileron deflection 
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Aileron chord /wing chord, c^/c 

(b) i = 0.10. 

c 

Figure lj.- Concluded . 

■ »t *«*» ‘ : L ’ : ; 

, - : : .... r-vi l \ ; 

•. •'Rh-ii-'ui.i- t'r-r.c 2a 







Bate of ohange of aileron hlnge-nonent ooeffiolent with aileron defleotlon, bo h /do 
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Aileron chord/Vlng ohord, Oa/o 

(b) £ a 0.10. 

o 

Figure 14.- Concluded. 
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Aileron ahord/wing chord, o a /o 

(a) i = 0 . 05 . 
o 

Figure 15.- Rate of ohange of aileron hinge-moment 
coefficient with aileron deflection as a 
function of the ratio of aileron ohord to wing chord 
for an uncambered parabolic airfoil having maximum 
thickness at midchord and leading-edge aileron. 
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Aileron chord /ving chord, o^o 

(b> 1 = 0.10. 

c 

figure 15 •— Concluded. 






Bate of change of aileron hinge-moment coefficient with 
aileron deflection, dcu /&6 0 
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Hate of ohange of aileron hlnge-moaent ooefflolent with aileron defleotlon, do 
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Bate of change of aileron hinge-moment coefficient with aileron defleotion, i>c ba /b& & 
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Free-stream Mach number, M 0 

Figure 19.- Hate of ohange of aileron hinge-moment coefficient 
with aileron defleotion as a function of free-stream 
- Haoh number for an unoambered wedge airfoil haring maximum 
thickness at midohord and tralllng-edge aileron. a 0.2. 





Bate of ohange of aileron hlnge-noMent (inefficient with aileron defleotlon, . 
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Pree-atream Mach number, M 0 

Figure 20.- Bate of change of aileron hinge-moment coefficient 
%rlth aileron deflection as a function of free-stream 
Mach number for an on cambered parabollO airfoil haring 
maximum thickness at midchord, and leading-edge aileron. 




Rate of change of aileron hinge-moment coefficient with aileron deflection, be 
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Free-etream Maoh number, M 0 

Figure 21.- Rate of change of aileron hinge-moment coefficient 
with aileron deflection as a, function of free-stream 
Maoh number for an unoambered wedge airfoil hawing maximum 

thlckneae at midchord and leading-edge aileron. — 0.2. 



Rate of change of pltohlng-moment coefficient about aldohord with aileron deflection 






Rata of ohange of pltohlng-moment coefficient about mldohord with aileron deflection, dc 



Rate of change of pitching-moment coefficient about mldohord with aileron deflection , be 




Hate of ohange of pltohing-monent 



Rate of obange of pltchlng-aoaent coefficient about aldchord with aileron deflection. 
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Aileron ehord/wlng chord, o^/o 

(b) £ = O.10. 

o 

Figure 2 k. - Concluded. 
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Aileron o 

(«) | = O. 05 . 

Figure 25«— Hate of c 
about mid chord wit] 
function of the ra 
for an uneambered ■ 
at mldchord and 


[a ;J 





Hate of ohange of pitohlng-mpaent ooefflolent about raldohord with aileron deflection , 








Bate of ohange of pltchlng-moment coefficient about mldohord with aileron deflection, he 
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Figure 27.- Bate of ohange of pltohlng-moment coefficient about 
midchord with aileron deflection as a function of free- 
a tream Mach number for an uncambered parabolic airfoil haying 
maximum thickness at mldohord and tralllng-edge aileron. 







Rate of ohange of pltohing-moaent coefficient about mldohord with aileron deflection 
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Figure 26.- Rate of change of pltohlng-moment coefficient 
about mld.ch.ord with aileron defleotlon as a 
function of free-stream Haoh number for an un cambered 
wedge airfoil having mum thickness at midchord 

and tralllng-edga aileron. ~ = °»2. 



Bate of change of pitching-moment ooefflolent about mldohord with aileron deflection 
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l.o 1.5 2.0 2.5 3.0 3 


Free-stream Maoh number, K 0 

Figure 29*-_ Rate of change of pitching-moment coefficient . 
about mldahord with aileron defleotlon as a function 
of freA-ptfesup M^ch^numher for an uncambered parabollo 
airfoil haying, maximum thlcfcneee at .midchord and leading- 

edge aileron. s 0 . 2 . 




Hate of change of pitching-monent coefficient about mldohord with aileron deflection , dc 
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Free-stream Mach number, K 0 

Figure 30 Rate of change of pitching-moment coefficient about 
midohprd with aileron, deflection as a function of free- 
etream Maoh number for an uncambered wedge ; airfoil having 
maximum 'thickne es at mldohord and leadingifedge aileron. 

^= 0 . 2 . ' ' ' 






Location of center of pressure, 
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Figure 32.- Location of center of pressure as a function of 
free-stream Haoh number for an uncambered wedge airfoil 
having maximum thickness at midohord and trailing— edge 

0 . 2 ; 5 = 0 . 10 . 

o 


aileron. 


2s = 



Location of center of pressure, 
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Free— stream Mach. number, M 0 

Figure 33.- Location of oenter of pressure as a function of 
free-stream Mach number for an uncambered parabolic air- 
foil having maximum thlokness at midchord and leading- 

edge aileron. s 0.2; - - 0.10. 





Location of center of pressure 
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Free-stream Mach number, M Q 

Figure Location of center of pressure as a function of 

f ree-stream Mach number for an unoambered wedge airfoil 
having maximum thlokness at midchord, and leading— edge 

aileron. ~ = 0.2} ^ - 0.10. 













Location of center of pressure, 
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Aileron ohord/wlng chord, o„/o 

Figure 37»— Location of center of pressure as a function 
j of the ratio of aileron chord to wing chord for an 
] . ^IJl^hib^red parabolic airfoil having maximum thickness 

_■ at midchord and leading-edge aileron. M 0 ~= 4*°J - 1.0. 
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Figure 39.- Location of oenter of pressure ae a function 
of the ratio of aileron chord to vlng chord for un- 
oamhered airfoils having maximum thlokneea at mldohord. 

M 0 = 4.0; = 1.0; 1 = 0.10. 
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Figure 40.- Location of center of pressure ae a function 
of the thickness ratio for an uncambered parabolic 
airfoil having maximum thickness at midohord. 



1 . 0 , 






